The effects of thymol and carvacrol and the essential oil of Lippia gracilis on caulinary shoots of heliconia were evaluated. After disinfection, the shoots were inoculated into MS medium and subjected to the treatments with 420 L L The control treatment consisted of the MS medium without any phytoregulators. The main components of EO from L. gracilis are carvacrol, ρ-cimene, and thymol. Seven days after the initiation of the experiments, 36.3% of the control treatment shoots were necrotized, but 90% of the caulinary shoots exposed to EO, thymol, or carvacrol appeared necrotized. Transmission electron microscopy of the shoots revealed that the treatment with EO, thymol, or carvacrol caused the destruction of the plasma cell membranes, and the cell organelles and the nucleus were hardly evident. The EO and its main constituent were toxic to caulinary shoots of heliconia. 
INTRODUCTION
Commercial flower markets are demonstrating a trend toward tropical species, in large part due to the durability of their inflorescences and their exotic nature. Brazil has a great large number of native species with economic potential, such as heliconia (Santos, 1999) . Vegetative propagation via rhizomes is the most commonly used method for obtaining scions of heliconia. Scions currently produced through this process, however, have not kept up with consumer demands as they have a long p r o d u c t i o n t i m e , w h i c h f a c i l i t a t e s t h e dissemination pathogens (Paiva, 1998) .
The production of scions by in vitro c u l t u r e f r o m c a u l i n a r y s h o o t s i s a v i a b l e alternative for the large scale production of certified scions. However, in vitro establishment of heliconia explants has been limited due to problems of bacterial growth in the nutrient medium. Resident bacteria live symbiotically within the plant's tissues in its natural habitat (Nathan et al., 1992; Atehortua et al., 1999; Santos, 1999) but they can become pathogenic under in vitro conditions (Leifert et al., 1994) . One solution for these contamination problems consists of adding antibiotics to the culture media; however, concentrations efficient against contaminants usually demonstrate phytotoxicity (Hammerschlag et al., 1997; Santos, 1999) .
There has been a growing interest in the antimicrobial properties of extracts of aromatic plants, especially their essential oils (Milhau et al., 1997) . The use of these products represents a n e w t r e n d i n a g r i c u l t u r e a n d t h e y a r e considered less harmful and less aggressive to both human health and the general environment (Stammati et al., 1999; Daferera et al., 2003) . T h u s , n a t u r a l c o m p o u n d s e x t r a c t e d f r o m medicinal plants have been replacing established and commercially available agricultural products. (Castellanos et al., 2001) .
N u m e r o u s p l a n t s p e c i e s p r o d u c e essential oils, including Lippia gracilis Schauer (Verbenaceae) and produces high concentrations of thymol and carvacrol. The efficiency of these monoterpenes as antimicrobial agents has already been proven (Dwivedi & Singh, 1998; Arras & Usai, 2001; Lambert et al., 2001; Daferera et al., 2003; Pina-Vaz et al., 2004) , and the use of these compounds in nutritional media could represent a viable alternative for impeding t h e g r o w t h o f e n d o p h y t i c b a c t e r i a d u r i n g micropropagation.
Then, the objective of the present study was to evaluate the antimicrobial effect of the essential oil of L. gracilis (as well as thymol and carvacrol) on caulinary shoots of Heliconia psittacorum x H. spathocircinata var. Golden Torch cultivated in vitro.
MATERIAL AND METHOD

Extraction and Identification of chemical elements from the essential oil of Lippia gracilis
Essential oil was obtained from the l e a v e s o f L . g r a c i l i s b y s t e a m e x t r a c t i o n performed in the Organic Chemistry Laboratory of the Federal University of Pernambuco, Brazil (UFPE), using a Clevenger apparatus. After extraction, the oil was stored at low light levels at 4ºC.
Identification of the components of the essential oil of L. gracilis was performed in the Fundamental Chemistry laboratory in the UFPE using a gas chromatography apparatus (GCMS -QP 5050 A -Shimadzu) with a DB -5 fused silica column (dimethylpolysiloxane) measuring 30 m x 0.25 mm, connected to a mass spectrometer (CG -EM), with an electronic potential of 70 eV. The dragging gas was helium (1mL min -1 ), used at programmed temperatures (increasing at 4ºC min -1 until reaching 180ºC min -1 , and then 20ºC min -1 until reaching a maximum of 280ºC).
Evaluation of the action of oil from Lippia gracilis (and its main components) on caulinary shoots of Heliconia psittacorum x Heliconia spathocircinata var. Golden Torch
The propagating units of H. psittacorum x H . s p a t h o c i r c i n a t a v a r. G o l d e n To r c h (approximately 15 cm long) were used as the source of caulinary shoots. The shoots were disinfected with 70% alcohol for one minute, 3% calcium hypochlorite for 20 minutes, followed by three consecutive rinsings with de-ionized sterile water (DSW). MS medium (Murashige & Skoog 1962) 
was used for culturing caulinary shoots w i t h o u t t h e p h y t o r e g u l a t o r t o w h i c h w a s subsequently added 420 L
. Controls consisted of MS medium without EO, thymol, or carvacrol. The concentrations of thymol and carvacrol used were based on the bactericide action of pure essential oil (420 L L -1 ) observed in previous experiments.
Essential oil, thymol, and/or carvacrol were not autoclaved, but added to the MS medium after the complete fusion of agar and s u b s e q u e n t c o o l i n g o f t h e m e d i a t o approximately 45ºC. The pH was adjusted to 5.8 in all treatments. The control medium was autoclaved for 20 minutes at 120ºC.
The percentage contamination and caulinary shoot necrosis were evaluated 7 days after the initiation of the experimental regime, which included 20 repetitions per treatment. The experimental unit was one explant via tube.
Treatments were compared using the Tukey test, according to Pimentel Gomes (1985) , equated for a ration comparison, considering their binomial distribution, and applying a angular transformation (arc sen %/100) to the ratios of the results.
Histological evaluation of caulinary shoots cultivated in media with essential oil from Lippia gracilis, thymol, and/or carvacrol Investigations using transmission electron microscopy took place in the Keizo Asami Imunopathology Laboratory (LIKA) at UFPE. Samples of caulinary shoots of H. psittacorum x H. spathocircinata var. Golden Torch were treated with the essential oil of L. gracilis, thymol, and/or carvacrol, fixed in 2.5% glutaraldehyde + 0.1 M phosphate buffer (pH 7.2) for 8 hours, washed three times for ten minutes each in a 0.1 M phosphate buffer and post-fixed in 1% osmium tetroxide + 0.1 M phosphate buffer for 2 hours. Subsequently, the material was subjected to three washings of ten minutes each in 0.1 M phosphate buffer and dehydrated in a 50, 70, 90 and 100% ethanol sequence. The samples were then immersed in 0.5: 0.5 ethanol + acetone. The material was embedded in a 3:1 mixture of acetone and SPURR resin for 8 hours; subsequently, the acetone: resin ratio was reduced to 2:1 and then 1:1 at intervals of 8 hours. The embedded material was then placed in a drying oven at 60ºC for 72 hours. Semi-thin sections were made using a glass knife, while ultra-thin sections were prepared with a diamond knife in a Sorvall "Porter-Blum" MT 2 B ultra microtome and mounted on copper screens.
The samples were exposed to lead citrate for 5 to 10 minutes and uranyl acetate at 2% for 30 to 40 minutes for contrasting and viewed in an EM 10 (Zeiss) transmission electron microscope.
RESULTS AND DISCUSSION
The bacterial growth was observed in 5 3 . 7 % o f t h e h e l i c o n i a c a u l i n a r y s h o o t s inoculated into culture media with the essential oil. This percentage is high for plant tissue culture, but tolerable in terms of heliconia micropropagation from caulinary shoots, due to the difficulty in obtaining explants without contamination by endophytic bacteria (Santos, 1999 , Dias & Rodrigues, 2001 . Additionally, bacterial growth observed in treatments with the essential oil was limited to the base of the explant, and would not cause serious problems for heliconia micropropagation. However, a high percentage of necrosis was observed in caulinary shoots that had contact with the oil (Table 1) . The progression of necrosis and eventual explant d e a t h w e r e e x t r e m e l y f a s t , a n d c o u l d b e observed two days after inoculation of the shoots.
Treatments of caulinary shoots with thymol and carvacrol (Table 1) resulted in bacterial growth superior to 60%, which did not differ significantly from control treatments. Similar to the results observed in the essential oil treatment, bacterial growth was limited to the basal region of the shoots and these compounds also provoked necrosis of the explants. Periago et al. (2001) reported that carvacrol and thymol did not cause expressive inhibition of the growth of Bacillus cereus when they were applied separately. These compounds, which are the main components of the essential oil of L. gracilis, are not necessarily solely responsible for the antibacterial activity observed, and inhibition can be co-related to other constituent compounds (Rassoli & Mirmostafa, 2003) 
. On t h e o t h e r h a n d , o t h e r r e s e a r c h e r s h a v e demonstrated that carvacrol used alone was m o r e e f f i c i e n t a g a i n s t E s c h e r i c h i a c o l i , Staphylococcus aureus, S. typhii, and B. subtilis
than the whole extract taken from leaves of Lippia multiflora (Kunle et al., 2003) .
The control treatment culture medium appeared completely cloudy, while in treatments with essential oil, thymol, and/or carvacrol bacterial growth (when present) was limited to t h e e x p l a n t b a s e , i n d i c a t i n g a n e f f e c t i v e bacteriostatic action of the EO and its main components.
A number of other researchers have d e m o n s t r a t e d t h e a n t i m i c r o b i a l e f f e c t o f essential oils whose main components consisted of thymol and carvacrol (Dwivedi & Singh, 1998; Arras & Usai 2001; Demetzos et al., 2001; Lambert et al., 2001; Daferera et al., 2003; Rassoli & Mirmostafa, 2003; Pina-Vaz et al., 2004; Sokmen et al., 2004) . The present chemical analysis of essential oil from L. gracilis revealed high rates of the phenolic monoterpenes thymol and carvacrol, and together they represented 51.9% of the total oil content (Table 2) . Although 90% of the caulinary shoots in the control treatment demonstrated bacterial g r o w t h , o n l y 3 6 . 3 % o f t h e s h o o t s w e r e necrotized seven days after the initiation of the experiment (Table 1) . However, during the f o llo win g day s 1 00% of ex pla nt s b ec a me necrotized. It is possible that this necrosis process resulted from phenolic compounds being released by the explants themselves, as a d e f e n s e m e c h a n i s m a g a i n s t t h e b a c t e r i a (Hallmann, 2001) . The observed necrosis of 90% of explants exposed to essential oil, thymol, and carvacrol, could be caused by either the bacteria or the phenolic monoterpenes, or both acting together. According to Chou (1999) , volatile compounds can inhibit the growth of many herbaceous plants.
Necrosis was evident in the control treatment, although the cell structures of the caulinary shoots remained intact (Figures 1, A,  B and C) . However, the cells of caulinary shoots that had been exposed to additional treatments appeared structurally disorganized. The plasma membrane (as well as other cell membranes) in explants treated with essential oil, thymol, and/ or carvacrol were visibly disrupted (Figures 2-5 ). The chloroplasts of treated cells were not as evident as those of the controls (Figures 1, A  and C) , probably due to the absence of cell membranes. Fragmentation of the cell walls in explant cells treated with carvacrol created clear zones (Figure 3, B) . Degradation of cell walls h a s b e e n o b s e r v e d i n f o o d p r o d u c t s contaminated by pathogens (Helander et al., 1998; Burt, 2004) . Essential oils rich in phenolic compounds such as thymol and carvacrol exhibit strong antimicrobial activity as they provoke structural disturbances in the plasma membrane and cell walls of microorganisms (Burt, 2004) . Additionally, transmission electron microscope images show coagulation of the cytoplasm in cells treated with EO (Figures 2, A , B and C), thymol (Figure 4 C) , and thymol and carvacrol ( Figures 5 A and C) . This coagulation may be the result of the spilling of cellular content, as observed by Burt (2004) .
The mechanisms of volatile monoterpene action in the cells of microorganisms is well understood (Lambert et al., 2001; Burt, 2004) . These effects result from the hydrophobic nature of the monoterpene (Stammati et al., 1999) that allows them to accumulate in the cell membranes. Both carvacrol and thymol associate with phospholipids in cell membranes and form channels that allow ions, enzymes, and metabolites vital to the survival of microorganisms to freely pass through them (Ultee, 2000; Burt, 2004) . Due to this structural disordering of the membrane, the ATPase enzymatic complex is also disrupted, compromising the synthesis of intra cellular ATP (Burt, 2004 Transmission electron microscopy revealed that the effects of the EO of L. gracilis on heliconia caulinary shoots were similar to those previously described for microorganisms. There have been few reports on the action of volatile monoterpenes on plant cells, but research carried out with Pelargonium fragrans demonstrated that cells exposed to the action of phenolic monoterpenes showed structural modifications of the mitochondria and the Golgi apparatus that affected both energy transformation and protein synthesis (Brown et al., 1987) .
The negative effect of EO (and its constituents) on the caulinary shoots of helicon may have been aggravated by the stage of development of the explants, which were in a phase of intense cell division. The cells of P. fragrans in a stationary developmental phase were more tolerant to the presence of phenolic monoterpenes (Brown et al., 1987) . It is not known, however, if this was due to a real rise in tolerance, or simply represents a quiescent developmental stage of the cells.
We conclude that the essential oil of L. gracilis (at 420 mL L -1 ) was phytotoxic to Heliconia explants in vitro, and therefore it must not be added to the nutritional medium used for micropropagation work. However, due to its antimicrobial potential, it is recommended that this oil be further evaluated as an alternative compound for explant asepsis, as well as a hygiene product for people responsible for the manipulation of in vitro cultures.
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